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ROID LENS ARRAY AND IMAGE READ 
APPARATUS AND SYSTEM USING THE 

SAME 

BACKGROUND OF THE INVENTION 

The present invention relates to a rod lens array, and 
image read apparatus and image read System using the rod 
lens array. 

With the recent rapid spread of personal computers, there 
exists demand for a System for reading an image, Such as a 
photograph and an illustration, using an information pro 
cessing apparatus for image input purpose, called Scanner, 
processing the read image on a computer, and printing the 
processed image on a postcard or other document. When 
using the Scanner in a residence, a Setting Space, utilization 
convenience, and the appearance of the Scanner are impor 
tant. Accordingly, a Small and light-weight Scanner is 
demanded. 
AS an example achieving down-sizing and down 

Weighing, there is a Scanner using a contact type image 
Sensor, as an image read unit, for reading an original image 
upon contacting the original image. FIG. 15 is an external 
perspective View of a conventional contact type image 
sensor. In FIG. 15, reference numeral 1 denotes a frame for 
Supporting the entire image Sensor; and 5, a cover glass for 
determining a reading Surface upon contacting an original 
image. The frame 1 includes many photodetectors arranged 
along the length (in the direction of an arrow DM) of the 
frame 1 as a Sensor array. Here, the direction of the arrow 
DM is denoted as the main Scanning direction and the 
widthwise direction (direction of an arrow DS which is 
perpendicular to the direction DM) of the frame 1 is denoted 
as the Sub-Scanning direction. 

FIG. 16 is a cross-sectional view taken along a line B-B' 
in FIG. 15. A rod lens array 7, as an image forming device, 
is arranged in a first space 1A, and an illumination device 6 
is Set in a Second Space 1B. The first and Second SpaceS 1A 
and 1B are connected. The illumination device 6 comprises 
a light guide 61 having the function of guiding the light, 
emitted from one or more LED light sources 63, in the main 
Scanning direction DM and illuminating an original image 
500 by reflecting the guided light on a reflection surface 64 
toward the original image 500, and a housing 62, or a frame, 
having the function for preventing light from leaking from 
the light guide 61 and fixing the position of the light guide 
plate 61 so that the original image 500 is effectively illu 
minated. The light emitted from the above light source 6 
illuminates the original image 500 on a cover glass 5, and the 
rod lens array 7 and a Sensor Substrate 4, which is arranged 
in a third Space 1C, are arranged So that the reflected light 
from the original image forms an image on a Sensor IC3 on 
the Sensor Substrate 4. 

The foregoing image Sensor is assembled in Such manner 
that the illumination device 6 is fixed on a clamp face 1D of 
the frame 1 by adhesive or screws, and the rod lens array 7 
is inserted into the first Space 1A and fixed on a clamp face 
1E of the frame 1 by adhesive or screws. Then, the sensor 
Substrate 4 on which the sensor IC 3 is mounted is fixed on 
the frame 1 via a frame 2. Thereby, the image Sensor is 
assembled. 

The rod lens array 7 is formed in Such manner, as shown 
in FIG. 17, that a plurality of rod lenses 71 are arranged in 
one or more lines, Sandwiched by thin Supporting plates, or 
side plates, 72 and 73, and the spaces between the rod lenses 
71 and the supporting plates 72 or 73 are filled with resin to 
fix the positions of the rod lenses 71. 
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2 
Each rod lens 71 is made by gradually decreasing indeX 

of refraction from the peripheral portion toward the central 
portion. The diameter of the rod lens 71 is about 0.6 mm, and 
the thickness of the side plates 72 and 73 is about 0.5 mm. 
The rod lens array 7 has characteristics of forming an image 
of the original image 500 on the object plane of the same size 
on the image plane. Therefore, the rod lens array 7 is Suitable 
for forming an image of an original image on the Sensor 
Surface to read the image when the original image is placed 
on the object plane and photodetection Surface is arranged 
on the image plane. 

FIG. 18 shows relationship between the rod lens array 7, 
an object plane 74, and an image plane 75. The distance 
between the object plane 74 and the image plane 75 depends 
upon the characteristics of each rod lens, and is called 
“conjugate distance” (TC). Further, the distance between the 
end of the lens and the object plane 74 or the image plane 
75 is called “working distance” (LO). Further, the distance 
denoted by Z0 is the length of each rod lens forming the rod 
lens array 7, or the height of the rod lens array 7. 
As for the rod lens array 7 mainly used in this type of the 

image Sensor, there are two types of lens arrays; those 
having the conjugate distance TC of 9 mm and those having 
the conjugate distance TC of 18 mm. When down-sizing is 
given priority, an image Sensor of the former type is used; 
whereas, when resolution and depth of focus are given 
priority, an image Sensor of the latter type is used. Below, an 
image Sensor using a rod lens array whose conjugate dis 
tance TC is 9.1 mm is explained. 

FIG. 19 is an image sensor using a rod lens array 7 whose 
conjugate distance TC is 9.1 mm, and FIG. 20 shows 
position relationship between the rod lens array 7, the 
illumination device 6, the cover glass 5, and the Sensor 
substrate 4. Note, the illumination device 6 has a plurality of 
LED chips arranged in a line on a substrate. The height Z0 
of the rod lens array 7 is 4.3 mm, and the distance from the 
end of the rod lens array 7 to the surface of the sensor IC 3 
corresponds to the working distance L0, and it is 2.4 mm. 
Further, the distance L0' from the end of the rod lens array 
7 to the original image 500 is slightly larger than the 
working distance L0, Since there is the cover glass 5 of the 
thickness d of 1 mm having the index of refraction of about 
1.5 between the end of the rod lens array 7 and the original 
image 500, and the distance L0' is 2.7 mm. Therefore, the 
distance from the original 500 to the sensor IC3 is 9.4 mm, 
which is slightly longer then the conjugate distance TC of 
the rod lens array 7, and the thickness of the image Sensor 
is about 11 mm including the thickness of the Sensor 
Substrate 4. 

In order to make the best use of the advantage of the above 
contact type image Sensor to realize a compact image Sensor 
and further minimize the image Sensor, utilization of an 
image forming device having a shorter conjugate distance 
TC than the above is proposed. 
The conjugate distance TC of a rod lens array is known to 

be determined by the following equations, 

In the above equations (1), A denotes a distributed con 
stant of the index of refraction of each rod lens, n0 denotes 
the index of refraction of each rod lens on the optical axis, 
Z0 denotes the length of each rod lens, P denotes 
wavelength, and L0 denotes the working distance. 
As a method for Shortening the conjugate distance TC 

expressed by the above equations (1), there is a method for 
Slightly increasing the length of the each rod lens forming 
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the rod lens array 7, or the height Z0 of the rod lens array 
7. For example, in the rod lens array having the conjugate 
distance TC of 9.1 mm as shown in FIG. 20, the value of the 
variables are: 
nO=1639 
VA-0.8637 
Z0=4.3 mm 

Among the above values, with n0 and VA fixed, Z0 is 
Slightly increased to 4.5 mm, and the conjugate distance TC 
becomes 8.1 mm according to the above equations (1). 

FIG. 21 shows a lens array 7 having the height Z0 of 4.5 
mm and the conjugate distance TC of 8.1 mm. With this 
configuration, it is possible to shorten the conjugate distance 
TC without changing distribution of index of refraction of 
the rod lenses. In this method, however, the length of the rod 
lenses, or the height Z0 of the rod lens array is lengthened, 
and there is a limitation for shortening the conjugate dis 
tance TC. 

Accordingly, it is impossible to realize the conjugate 
distance TC of a desirable short length. 

Accordingly, as another method for Shortening the con 
jugate distance TC, there is a method of changing the 
distribution of index of refraction in each rod lens So that the 
index of refraction from the peripheral portion toward the 
central portion decreases more rapidly than before. Namely, 
among the aforesaid constants n0, VA and Z0, VA is changed. 

FIG. 22 is a croSS-Sectional view of a lens array having 
different distributed constant. As shown in FIG. 22, since 
paths of incoming light in each rod lens bend largely within 
the rod lens, the conjugate distance TC is shortened. In this 
method, while Shortening the conjugate distance TC, the 
height of the rod lens array Z0 is also shortened. The rod lens 
array 7 in FIG.22 has the conjugate distance TC of 4.7 mm, 
and the height Z0 of 2.1 mm, and the distance L0 between 
the end of the rod lens array 7 and the surface of the sensor 
IC 3 is 1.3 mm. The distance L0' between the other end of 
the rod lens array 7 and the original image is 1.6 mm, which 
is slightly longer than the distance L0, Since there is the 
cover glass 5 of 1 mm thickness having the index of 
refraction of 1.5. 
An image Sensor adopting Such rod lenses having a short 

conjugate distance TC is shown in FIG. 23. As shown in 
FIG. 23, by fixing the cover glass 5 to the frame 1 while 
pressing the illumination device 6 inserted in the Second 
Space 1B and the rod lens array 7 inserted in the first Space 
1A against the frame 1 by the cover glass 5, to the frame 1, 
the light Source 6 and the rod lens array 7 are simultaneously 
fixed. Further, the sensor Substrate 4 on which the sensor IC 
3 is formed is fixed to the frame 1 by adhesive or screws or 
by caulking the frame 1. By configuring the image Sensor as 
described above, the thickness of the image Sensor is further 
thinned. Note, in FIG. 23, TC" is a conjugate distance, 
however, Since there is a cover glass 5 instead of 
atmosphere, the distance TC' is different from the conjugate 
distance TC expressed by the equations (1). Specifically, TC 
is the Sum of Z0, L0, and L0'. 

FIG. 24 shows relationship between the rod lens array 7 
having the conjugate distance TC of 9.1 mm and light 
emitted from the illumination device 6. The light emitted 
from the illumination device 6 travels the space between the 
end of the rod lens array 7 and the original 500 (L0'=2.7 mm) 
diagonally, and illuminates a focal position of the rod lens 
array on the original, the read point P. Practically, it is 
designed to illuminate an area around the point P by +0.2 
mm in the Sub-Scanning direction to cope with tolerance of 
mechanical configuration. Generally, the illumination device 
6 illuminates the original images at an angle between 30 and 
50 degrees with respect to the optical axis of the lens array 
7. 
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4 
FIG. 25 shows relationship between the rod lens array 7 

having the conjugate distance TC of 4.7 mm, about half the 
height of the rod lens array shown in FIG. 24, and illumi 
nating light. The light emitted from the illumination device 
6 travels the space between the end of the rod lens array 7 
and the original image 500 (L0'=1.6 mm) diagonally. Since 
the working distance L0 between the end of the lens array 7, 
having a short conjugate length TC, and the focal point is 
Short, it is necessary to place the illumination device 6 near 
the lens array 7 as much as possible. However, due to the 
thickness of the housing of the illuminating device 6, it may 
not be possible to illuminate the point P even though the 
illumination device 6 is placed at the closest position to the 
lens array 7. Thus, when an image Sensor is configured using 
a lens array having a short conjugate distance TC, there 
would be a problem in which an original image may not be 
read effectively since the illuminating light can not illumi 
nate the point P with enough brightness. 

Further, in a case where the rod lens array 7 is placed at 
Some distance from the cover glass 5, it is necessary to 
provide light Shielding member So as to prevent direct light 
from the illumination device 6, internal reflected light, and 
Stray light from outside of the contact type image Sensor 
from entering the rod lens array 7. However, the shielding 
member makes it even harder to illuminate the focal point by 
the light Source when a rod lens array of a short conjugate 
distance is used. 

SUMMARY OF THE INVENTION 

The present invention has been made in consideration of 
the above situation, and has as its object to provide a thin and 
Small rod lens array which enables an illumination device to 
illuminate focal points of the rod lens array, and image read 
apparatus and System using the rod lens array. 
According to the present invention, the foregoing object 

is attained by providing a rod lens array, used in an image 
read apparatus having an illumination device for illuminat 
ing an original image and a linear image Sensor for convert 
ing reflected light from the original image into image Signals 
and outputting the image Signals, for forming the reflected 
light on the linear image Sensor, comprising: a plurality of 
rod lenses, and first and Second Side plates for fixing 
positions of the rod lenses by Sandwiching the rod lenses on 
both sides, wherein thickness of the first and second side 
plates differ from each other. 

Further, the foregoing object is also attained by providing 
an image read apparatus comprising: an illumination device 
for illuminating an original image; a linear image Sensor for 
converting reflected light from the original image into image 
Signals and outputting the image Signals, and a rod lens array 
configured with a plurality of rod lenses, Sandwiched by first 
and Second Side plates, having different thickneSS from each 
other, on both sides, for forming the reflected light on the 
linear image Sensor. 

Furthermore, the foregoing object is also attained by 
providing an image read System comprising: a reading unit 
having: an illumination device for illuminating an original 
image; a linear image Sensor for converting reflected light 
from the original image into image Signals and outputting 
the image Signals, and a rod lens array configured with a 
plurality of rod lenses, Sandwiched, parallel to the light path, 
by first and Second Side plates, having different thickneSS 
from each other, for forming the reflected light on the linear 
image Sensor, and Signal processing means for applying 
predetermined processes on the image signals outputted 
from the linear image Sensor. 
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Preferably, the thickness of said first side plate is thinner 
than the thickness of Said Second Side plate when the 
illumination device is placed on the Side of Said first side 
plate. 

Further, the foregoing object is also attained by providing 
a rod lens array, used in an image read apparatus having an 
illumination device for illuminating an original image and a 
linear image Sensor for converting reflected light from the 
original image into image Signals and outputting the image 
Signals, for forming the reflected light on the linear image 
Sensor, comprising: a plurality of rod lenses, and a side plate 
for fixing positions of the rod lenses, wherein the rod lenses, 
arranged in an array, are fixed on only one side of the side 
plate. 

Furthermore, the foregoing object is also attained by 
providing an image read apparatus comprising: an illumi 
nation device for illuminating an original image; a linear 
image Sensor for converting reflected light from the original 
image into image Signals and Outputting the image Signals, 
and a rod lens array configured with a plurality of rod lenses, 
Supported by a Side plate from one Side, for forming the 
reflected light on the linear image Sensor. 

Further, the foregoing object is also attained by providing 
an image read System comprising: a reading unit having: an 
illumination device for illuminating an original image; a 
linear image Sensor for converting reflected light from the 
original image into image Signals and outputting the image 
Signals, and a rod lens array configured with a plurality of 
rod lenses, Supported by a Side plate from one Side, for 
forming the reflected light on the linear image Sensor, and 
Signal processing means for applying predetermined pro 
ceSSes on the image Signals outputted from the linear image 
SCSO. 

With the aforesaid configuration, the strength of the rod 
lens array is retained. 

Further, the foregoing object is also attained by providing 
rod lens array, used in an image read apparatus having an 
illumination device for illuminating an original image and a 
linear image Sensor for converting reflected light from the 
original image into image Signals and outputting the image 
Signals, for forming the reflected light on the linear image 
Sensor, comprising: a plurality of rod lenses, and Side plates 
for Setting positions of the rod lenses, wherein a diameter 
(pmm of each of the rod lenses and the thickness t mm of 
the Side plates are determined So as to Satisfy (p/2+ts 0.5 

Furthermore, the foregoing object is also attained by 
providing an image read apparatus comprising: a transparent 
member which determines a reading position on an original 
image; an illumination device for illuminating the original 
image; a linear image Sensor for converting reflected light 
from the original image into image Signals and outputting 
the image Signals, and a rod lens array configured with a 
plurality of rod lenses, Sandwiched by Side plates, for 
forming the reflected light on the linear image Sensor, 
wherein, when a shortest distance between an edge of the 
rod lens array and the original image is L0 mm), then a 
diameter pmml of each of the rod lenses, thickness t mm 
of the Side plates, an index of refraction n of the transparent 
member, thickness dmm of the transparent plate, and an 
incident angle 0 of light emitted by the illumination device 
on the transparent member are determined So as to Satisfy 
(p/2+tsdxtan(arcsin((sin 0)/n))+(L0-d)xtan 0-0.2mm). 

Further, the foregoing object is also attained by providing 
an image read System comprising: a reading unit having: a 
transparent member which determines a reading position on 
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6 
an original image, an illumination device for illuminating 
the original image; a linear image Sensor for converting 
reflected light from the original image into image Signals 
and outputting the image Signals, and a rod lens array 
configured with a plurality of rod lenses, Sandwiched by Side 
plates, for forming the reflected light on the linear image 
Sensor, and Signal processing means for applying predeter 
mined processes on the image Signals outputted from the 
linear image Sensor, wherein, when a shortest distance 
between an edge of the rod lens array and the original image 
is L0mm, then a diameter pmml of each of the rod lenses, 
thickness t mm of the side plates, an index of refraction in 
of the transparent member, thickness dimm of the trans 
parent plate, and an incident angle 0 of light emitted by the 
illumination device on the transparent member are deter 
mined So as to satisfy (p/2+ts dxtan(arcsin((sin 0)/n))+(L0 
d)xtan 0-0.2mm). 

Other features and advantages of the present invention 
will be apparent from the following description taken in 
conjunction with the accompanying drawings, in which like 
reference characters designate the same or similar parts 
throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in 
and constitute a part of the Specification, illustrate embodi 
ments of the invention and, together with the description, 
Serve to explain the principles of the invention. 

FIG. 1 is an external perspective View of a contact type 
image Sensor according to an embodiment of the present 
invention; 

FIG. 2 is a cross-sectional view of a contact type image 
Sensor according to a first embodiment of the present 
invention; 

FIG. 3 is a cross-sectional view of a contact type image 
Sensor according to a Second embodiment of the present 
invention; 

FIG. 4 is a cross-sectional view of a contact type image 
Sensor according to a third embodiment of the present 
invention; 

FIG. 5 is a top view of the contact type image Sensor 
according to the third embodiment of the present invention; 

FIG. 6 is a cross-sectional view of an illumination device 
according to the third embodiment; 

FIG. 7 is a side view of the illumination device according 
to the third embodiment; 

FIG. 8 shows characteristics of a lens array according to 
the third embodiment; 

FIG. 9 shows relationship between the lens array and light 
emitted from the illumination device according to the third 
embodiment; 

FIG. 10 is an enlarged view of a part of FIG. 9; 
FIG. 11 is a cross-sectional view of a contact-type image 

Sensor according to a modification of the third embodiment; 
FIG. 12 shows relationship between a lens array and light 

emitted from an illumination device according to the modi 
fication of the third embodiment; 

FIG. 13 is a cross-sectional view of an information 
processing apparatus using a contact type image Sensor, 

FIG. 14 is a block diagram illustrating a configuration of 
an image read System using a contact type image Sensor; 

FIG. 15 is an external perspective view of a conventional 
contact type image Sensor; 

FIG. 16 is a cross sectional view of the conventional 
image Sensor, 
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FIG. 17 is a perspective view of a conventional rod lens 
array, 

FIG. 18 shows characteristics of the conventional rod lens 
array, 

FIG. 19 is a cross sectional view of a conventional contact 
type image Sensor, 

FIG. 20 shows a conventional lens array and its vicinity; 
FIG. 21 shows a lens array having a short conjugate 

distance; 
FIG.22 shows another lens array having a short conjugate 

distance; 
FIG. 23 is a croSS Sectional view of a contact type image 

Sensor using a lens array having a short conjugate distance; 
FIG. 24 shows relationship between a conventional lens 

array and light emitted by an illumination device; and 
FIG. 25 shows relationship between a conventional lens 

array, having a short conjugate distance, and light emitted by 
an illumination device. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will be 
described in detail in accordance with the accompanying 
drawings. 

<First Embodiment> 

FIG. 1 is an external perspective View of a contact type 
image Sensor, used as a reading unit, of the present 
invention, and FIG. 2 is a cross-sectional view taken along 
a line A-A in FIG. 1. Note, the same elements as described 
in reference to FIGS. 15 and 16 are referred by the same 
reference numerals. 

In FIG. 1, reference numeral 1 denotes a frame as a 
Supporting member; and 5, a cover glass, made of transpar 
ent material, for determining a reading Surface upon con 
tacting an original image. Further, in FIG. 2, reference 
numeral 6 denotes an illumination device for illuminating an 
original image 500. The illumination device 6 comprises a 
light guide 61 having the function of guiding light, emitted 
from one or more LED light sources 63, in the main 
Scanning direction DM and illuminating an original image 
500 by reflecting the guided light on a reflection surface 64 
toward the original image 500, and a housing 62, or a frame, 
having the function for preventing light from leaking from 
the light guide 61 and fixing the position of the light guide 
plat 61 so that the original image 500 is effectively illumi 
nated. 

Reference numeral 170 denotes a rod lens array for 
forming an image by light projected by the original image 
500 which is illuminated by the illumination device 6. The 
rod lens array 170 is formed with a plurality of rod lenses 
171 and side plates 172 and 173 for supporting the rod lenses 
171 arranged in an array of one or more rows. The rod lenses 
171 and the side plates 172 and 173 are fixed by adhesive, 
such as resin. Further, an image formed by the rod lenses 171 
with light reflected by the original 500 is photo-electric 
converted to electric Signals by a Sensor IC 3. A plurality of 
Sensor ICS 3 are precisely arranged in a line of the desired 
width on a Sensor Substrate 4 made of, e.g., a glass epoxy 
material, thereby forming a linear image Sensor 10. Further, 
the Sensor Substrate 4 is electrically connected to an image 
read apparatus. 

In the image Sensor according to the first embodiment, the 
thickness of the first Side plate 172, configuring the rod lens 
array 170 and arranged on the side of illumination device 6, 
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8 
is made thinner than that of the second side plate 173 
arranged in the opposite side of the rod lens 171. With this 
configuration, the illumination device 6 is mounted near the 
rod lens 171, and light 65 emitted by the illumination device 
6 illuminates the read point P on the original image 500, 
namely, a focal point of the rod lens 171. However, as the 
thickness of the side plate 172 is made thinner, strength of 
the rod lens array 170 decreases. This may cause difficulties 
to precisely Set the optical positions of the illumination 
device 6 and the rod lens array 170 supported by the frame 
1. In order to overcome this problem, the thickness of the 
side plate 173 may be increased. In this manner, the side 
plate 172 on the side of the illumination device 6 is made 
thinner without weakening the Strength of the rod lens array 
170. 
By configuring as described above, when optically Setting 

the rod lens array by making the side plate 172 of the rod 
lens array 170 contact with the frame 1, pressing the rod lens 
array 170 against the frame 1 by the cover glass 5, and fixing 
the cover glass 5 to the frame 1, the optical position of the 
lens array 170 is Set and fixed, simply and precisely, Since 
the rod lens array 170 of the first embodiment has necessary 
strength. Further, by making the lens array 170 contact with 
the frame 1, direct light from the illumination device 6, 
internal reflected light, and Stray light from outside of the 
contact type image Sensor are prevented from affecting the 
sensor IC 3. 

<Second Embodiment> 

FIG. 3 is a cross-sectional view of a contact type image 
Sensor according to the Second embodiment. In the Second 
embodiment, the side plate of a rod lens array 270 on the 
side of illumination device 6 is omitted, and the rod lens 
array 270 is supported only by a side plate 273. The side 
plate 273 and rod lenses 271 are fixed by adhesive, such as 
resin. With the above configuration, the illumination device 
6 can be placed next to the rod lens 271. 

Further, half the side surface of the rod lens array 6 is 
revealed by omitting the Side plate on the Side of the 
illumination device 6, and the revealed Side Surface, Such as 
half of the side surfaces of the rod lenses 271, a painted 
Surface, and resin, as adhesive, for forming the lens array 6, 
is in contact with the surface of the housing 62 of the 
illumination device 6. With this configuration, stray light 
caused by direct light from the illumination device 6, 
internal reflected light, and Stray light from outside of the 
contact type image Sensor are prevented from affecting the 
sensor IC 3. 

<Third Embodiment> 
FIG. 4 is a cross-sectional view of a contact type image 

sensor according to the third embodiment, and FIG. 5 is a 
top view of the image Sensor. 
AS shown in FIGS. 4 and 5, the image Sensor according 

to the third embodiment comprises a linear image Sensor 10, 
including a plurality of the Sensor ICS 3, having a plurality 
of photodetectors arranged in a line, precisely arranged in a 
line of the desired width on the sensor Substrate 4 made of, 
e.g., glass epoxy material, a rod lens array 370, an illumi 
nation device 11, the cover glass 5, made of transparent 
material, for holding an original, and the frame 1, made of, 
e.g., aluminum or resin, Such as polycarbonate, for Setting 
the positions of the foregoing elements and Supporting them. 

In the image Sensor having the above configuration, an 
original image held by being pressed against the cover glass 
5 by a roller (not shown), for instance, is sequentially 
illuminated by light of three colors, i.e., red (R), green (G) 
and blue (B), by the illumination device 11 from the diago 
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nal direction. Then, the R, G and B light reflected by the 
original image forms an image on the Sensor ICS 3 via the 
rod lens array 370, and the sensor ICs 3 convert the formed 
image into electric Signals. The converted electric Signals, or 
image Signals, are transmitted to a System where the R, G 
and B image Signals are processed to reproduce a color 
image as will be described later. 

FIG. 6 is a cross-sectional view of the illumination device 
11, and FIG. 7 is a side view of the illumination device 11. 
The illumination device 11 is basically configured with an 
LED light source 31 packaged with a red (R) LED 311, a 
green (G) LED 312, and a blue (B) LED 313, and a light 
guide 32 made of a material, Such as acrylic resin, having 
excellent light transmission characteristics. The wavelength 
of the R LED 311 at peak intensity is selected between 600 
and 660 nm, that of the G LED 312 is selected between 510 
and 550 nm, and that of the BLED 313 is selected between 
430 to 480 nm, for realizing good color reproduction. To the 
LED light Source 31, electric power is Supplied from a 
power source (not shown) via a lead frame 314. Further, a 
projection 322 is used for determining a position of the 
illumination device 11 while it touches the cover glass 5 
when Setting the illumination device in the image Sensor. 

The LED light source 31 is arranged so that emitted light 
enters the light guide 32 from one or both ends of the light 
guide 32. AS shown in FIG. 7, the entered light propagates 
inside of the light guide 32 by being fully reflected at the 
boundary between the air and the light guide 32, repeatedly. 

Further, fine notches (notch portion 321) are formed along 
the length of the light guide 32, as shown in FIG. 7. When 
the light incidents on the notch portion 321, it is reflected at 
a different angle (p) from when it is reflected by other 
boundaries of the light guide 32. More specifically, the 
traveling path of the light is greatly changed toward the 
original (to upward in FIG. 7) when the light is reflected by 
the notch portion 321, thereby the incidence angle of this 
reflected light on the boundary between the air and the light 
guide 32 is less than the critical angle. In this manner, the 
light can be controlled to exit from the light guide 32 in the 
desired direction. 

The notch portion 321 may be made reflective by depos 
iting aluminum or printing with Silver or white ink, or may 
be designed to change the light path by only utilizing 
characteristics of the critical angle. Alternatively, without 
the notch portion 321, by simply printing with white ink or 
roughening the Surface, corresponding to the notch portion 
321, of the light guide 32, for instance, similar effect of the 
notch portion 321 is also achieved. 

In order to make the intensity of light illuminating the 
original image uniform, the width of notch is widened or 
width of the printed area, when printing with white ink, is 
gradually widened in proportion to the distance from the 
light Source 31. Further, by covering a portion other than the 
portion where light should exit from the light guide 32 with 
a white member having good light reflectance, for instance, 
loSS of light upon propagating along the light guide 32 is 
reduced, thereby increasing the illuminance of the original 
image. 

FIG. 8 is a cross-sectional view of the rod lens array 370 
according to the third embodiment. Referring to FIG. 8, 
characteristics of the rod lens array 370 are explained. Each 
rod lens 371 of the lens array 370 shown in FIG. 8 has 
different distribution of index of refraction from that of a 
conventional rod lens, and the difference in index of refrac 
tion between the peripheral portion and the central portion is 
greater than that of the conventional rod lens. Accordingly, 
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10 
light entered peripheral portion of the rod lens 371 is 
refracted by a large angle, and the conjugate distance TC of 
the rod lens according to the third embodiment is about half 
of the conventional rod lens. 

More specifically, the conjugate distance TC is 4.7 mm, 
the height Z0 of the lens array 370 is 2.1 mm, and the 
distance L0 from the end of the lens array 370 to the surface 
of the sensor IC3 is 1.3 mm. The distance L0' from the other 
end of the lens array 370 to the original image 500 is 1.6 
mm, which is little longer than L0, since there is the cover 
glass 5 having thickness of 1 mm and the index of refraction 
of 1.5. 

Further, in the third embodiment, the diameter (p of each 
rod lens 371 configuring the lens array 370 is decreased to 
0.3 mm from 0.6 mm which is the diameter of a conven 
tional rod lens. Further, the thickness t of the side plates 372 
and 373, Sandwiching the rod lenses arranged in an array, is 
decreased to 0.3 mm from 0.5 mm which is the thickness of 
the conventional Side plates. In the above Structure, the 
distance between the optical axis of the lens array 370 and 
the outer surface of the side plate 372 or 373 is 0.45 mm, 
which is much shorter than that of the conventional rod lens 
array. 

However, by reducing the diameter of each rod lens 371 
and the thickness of the side plates 372 and 373, the strength 
of the rod lens array 370 decreases. This may cause diffi 
culties in precisely Setting optical position of the rod lens 
array 370 and supporting the lens array 370 by the frame 1. 
In order to overcome this problem, the thickness of the side 
plate 372, placed on the side of the illumination device 11, 
is reduced to 0.3 mm while maintaining the thickness of the 
side plate 373 at 0.5 mm, similarly to the rod lens array 170 
described in the first embodiment. By configuring the rod 
lens array 370 as above, the thickness of the side plate on the 
side of the illumination device 11 is reduced while main 
taining the strength of the rod lens array 370. 
The relationship between the lens array 370 according to 

the third embodiment and the illumination light is explained 
in FIG. 9, and FIG. 10 shows an enlarged part of FIG. 9. 
Generally, with an angle 0 between 30 to 50 degrees with 
respect to the optical axis of the lens array 370, the illumi 
nation device 11 illuminates the original. Now, let the angle 
0 be 30 degrees, conditions necessary to illuminate an area 
around the read point P by +0.2 mm are discussed with 
reference to FIG. 10 while taking tolerance of mechanical 
configuration of the image Sensor into consideration. 

Referring to FIG. 10, in the space having the distance L0' 
between the end of the rod lens array 370 and the point P, the 
distance S of a traveling path in the horizontal direction of 
FIG. 10 of light emitted from the illumination device 11 is 
the sum of distance S1 before the light reaches the cover 
glass 5 where the light is refracted, and distance S2 in the 
cover glass 5. The distance S1 is obtained as a product of the 
distance between the end of the lens array 370 and the cover 
glass 5 (L0'-d, d: thickness of cover glass) and a tangent of 
0. Since 0 is 30 degrees, 

When the light enters the cover glass 5, the traveling path is 
bent and the angle of refraction becomes 0". The angle 0' is 
described as below according to Snell's law, 

0'=arc sin((sin 30)/n) (3) 

where n is the index of refraction of the cover glass 5. The 
distance S2 of the light path in the cover glass 5 is the 
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product of the thickness d of the cover glass 5 and sine of the 
angle 0" in the cover glass. Since 0' is given in the above 
equation (3), 

S2=dxtan (arc sin(sin 30)/n)) (4) 

Meanwhile, in order to Surely illuminate an area around 
the point P by +0.2 mm by the light, the light has to incident 
on a point 0.2 mm further than the point P. The distance from 
the side surface of the lens array 370 and the point Pis (p/2+t 
(cp: diameter of rod lens, t: thickness of Side plate), thus, 

(5) 

has to be held. By substituting the equations (2) and (4) for 
S1 and S2 of the equation (5) and solve it, then the following 
equation is obtained. 

(p/2+ts dxtan (arc sin((sin 30)/n))+(L0'-d)xtan 30-0.2 mm (6) 

By substituting 1.6 mm for L0', 1 mm for d, and 1.5 for n, 
then 

(p/2+ts 0.5 mm (7) 

is obtained. In the third embodiment, the diameter of each 
rod lens 371 of the lens array 370 is decreased to 0.3 mm and 
the thickness of the side plate is thinned. Therefore, (p/2+t is 
0.45 and the above condition determined by the equation (7) 
is Satisfied. Accordingly, an area around the point P by t0.2 
mm is illuminated by the light emitted from the illumination 
device 11. Note, when the rod lenses 371 and the side plates 
372 and 373 of the rod lens array 370 are fixed by adhesive, 
Such as resin, the thickness of the adhesive should be 
reflected on the equations (2) to (7). 

<Modification of the Third Embodiment> 
FIG. 11 is a cross-sectional view of a contact type image 

Sensor according to the modification of the third embodi 
ment of the present invention. Each element of the image 
sensor shown in FIG. 11 is basically the same as that shown 
in FIG. 4 except that the lens array 370 is in contact with the 
cover glass 5 and pressed by the cover glass 5 to be at a fixed 
position. With this configuration, deterioration of image due 
to dust on the inside Surface of the cover glass 5 or the lens 
array 370 is prevented. 

FIG. 12 shows relationship between the lens array 370 
and illumination light emitted from the illumination device 
11. The conjugate distance TC and the height Z0 of the lens 
array 370 and the distance L0 between the end of the lens 
array 370 and the sensor ICs 3 are the same as those in the 
third embodiment. Regarding the distance L0' from the other 
end of the lens array 370 and the read point P, since the cover 
glass 5 having the index of refraction of 1.5 fills the entire 
space between the end of the lens array 370 and the point P. 
the distance L0' is 2 mm in the modification of the third 
embodiment. 

In order to illuminate an area around the point P by +0.2 
mm, the following equation has to be held, when d=L0'. 

(p/2+ts L0'xtan(arc sin((sin 30)/n))-0.2 mm (8) 

where n is the index of refraction of the cover glass 5. 
Substituting 2 mm for L0', 1 mm for d, and 1.5 for n in the 
equation (8), then, 

(p/2+ts 0.5 mm (9) 

is obtained. In the modification of the third embodiment, the 
diameter (p of each rod lens 371 of the lens array 370 is 
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decreased to 0.3 mm and the thickness of the side plate is 
thinned. Therefore, (p/2+t is 0.45 and the above condition 
determined by the equation (7) is satisfied. Accordingly, an 
area around the point P by +0.2 mm is illuminated by the 
light emitted from the illumination device 11. 

<Fourth embodiment> 
The image Sensors described in the above embodiments 

are applicable to image processing apparatuses. AS an 
example, a facsimile apparatus, having communication 
function, is shown in FIG. 13. 

FIG. 13 is a croSS-Sectional view of a facsimile apparatus 
according to the fourth embodiment of the present invention. 
In FIG. 13, reference numeral 100 denotes a sensor unit 
configured with a contact type image Sensor as described in 
any of the first to fourth embodiments; 102, a feeding roller 
for feeding the original image 500 to a reading position; 104, 
a separation claw for Separating pages of the original image 
500 to be fed one by one; and 106, a conveyance roller, 
provided at the reading position of the sensor unit 100, for 
conveying the original image 500 to pass the reading posi 
tion. 

Further, reference character W denotes a print medium in 
a form of a rolled paper on which images are printed on the 
basis of image information read by the sensor unit 100 or 
received from outside. The print medium W is not limited to 
a rolled paper, and may be a cut-sheet of a predetermined 
size. Further, reference numeral 110 denotes a printhead for 
printing an image on the print medium W, and a thermal 
head and an ink-jet printhead, for instance, may be used as 
the printhead 110. The printhead 110 may be of a serial type 
or a line type. 

Reference numeral 112 denotes a platen roller for con 
veying the print medium W to the print position of the 
printhead 110 thereby controlling the print position of the 
print medium W, 120, Switches and buttons, or an operation 
panel, including a display unit for displaying messages and 
conditions of connected apparatuses, for example, for input 
ting operation instructions, 130, a System control board on 
which a control unit for controlling respective units and 
elements of the facsimile apparatus, an operation circuit for 
operating a photoelectric conversion elements, a processing 
unit for processing image information, and a transmission/ 
reception unit, are provided; and 140, a power Supply for the 
facsimile apparatus. 

Next, a basic operation of the facsimile apparatus is 
explained. In a case of transmitting an image, an operator 
Sets the original image 500 at a predetermined position, and 
destination of transmission and transmission mode are Set 
through the operation panel 120. After the Setting is 
completed, the original image 500 is fed to the reading 
position by the feeding roller 102 and the sensor unit 100 
starts reading the original image 500. At this time, the 
original image 500 is conveyed while being pressed against 
the sensor unit 100 by the conveyance roller 106. After the 
reading of the original image 500 is completed, or while 
reading the original image 500, the system control board 
130, as a signal processing unit and a control unit, converts 
the read image into Signal of a predetermined format for 
transmitting image data, and transmits the Signal to the 
destination via a telephone line. 

In contrast, for receiving image information from outside, 
the system control board 130 converts the received image 
information into image data of a predetermined format for 
printing an image on the print medium W. Image data is 
outputted to the printhead 110 as it is converted to the 
predetermined format and an image is printed on the print 
medium W by the printhead 110, and discharged by the 
platen roller 112. 



US 6,239,421 B1 
13 

Further, in the fourth embodiment, a case where reading 
operation is performed while moving the original image 
500, however, the present invention is not limited to this, and 
reading operation may be performed by moving the Sensor 
unit 100 while fixing the position of the original image 500, 
for example. In other words, relative position between the 
original image 500 and the sensor unit 100 is moved while 
performing reading operation. 

<Fifth embodiment> 
Next, the fifth embodiment is described. 
In addition to the facsimile apparatus explained in the 

fourth embodiment, it is also possible to apply the image 
Sensor of the present invention to an information processing 
apparatuses, Such as an image Scanner, which do not have a 
printhead for forming an image and transmit read image 
information. 

In the fifth embodiment, an image read apparatus 200 
installed with a contact type image Sensor 200 as that 
described in any of the first to fourth embodiment is con 
nected to a personal computer 150 to configure a System. In 
this System, read image information is transmitted to a 
computer or on a network. 

FIG. 14 is a block diagram illustrating a configuration of 
an image read System using a contact type image Sensor 
according to the fifth embodiment. In FIG. 14, reference 
numeral 132 denotes a CPU as a first control unit for 
controlling the entire image read apparatus 200; 300, a color 
image Sensor, basically configured with a light Source and a 
CCD line Sensor, as a read unit for converting an optical 
image of an original into electric image Signals, and 136, an 
analog signal processor for applying analog processes, Such 
as gain control, to the analog image Signals outputted from 
the color image Sensor 300. 

Further, reference numeral 138 denotes an analog-digital 
(A/D) converter for converting an output signal from the 
analog Signal processor 136 into a digital Signal; 180, an 
image processing circuit for applying image processes, Such 
as Shading correction, Y conversion, and variable magnifi 
cation process, on the digital image signal outputted from 
the A/D converter 138 using memory 142; and 144, an 
interface for outputting digital image data processed by the 
image processing circuit 180 to outside of the image read 
apparatus 200. The interface 144 conforms to a standard, 
such as SCSI and Bi-Centronics, generally adopted by a 
personal computer, and connected to the personal computer 
150. The analog signal processor 136, the A/D converter 
138, the image processing circuit 180, and the memory 142 
configure Signal processing unit. 
To the personal computer 150 as the second controller, a 

magneto-optical disk driver and a floppy disk driver, for 
example, are provided as an external Storage or a Supple 
mentary Storage. Reference numeral 154 denotes a display 
for displaying operation performed on the personal com 
puter 150; 153, a mouse/keyboard for inputting commands 
and instructions to the personal computer 150; and 155, an 
interface for transmitting and receiving data, commands, 
Status information of the image read apparatus 200, and 
other information, between the personal computer 150 and 
the image read apparatus 200. 
An instruction for reading an image in the image read 

apparatus 200 is inputted to the personal computer 150 via 
the mouse/keyboard 153. When the read instruction is 
inputted using the mouse/keyboard 153, the CPU 156 trans 
mits a read command to the image read apparatus 200 via the 
interface 155. Then, the personal computer 150 controls the 
image read apparatus 200 in accordance with control pro 
gram stored in ROM 157. Note, the control program may be 
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recorded on a recording medium, Such as a magneto-optical 
disk or a floppy disk, to be read by the Supplemental Storage 
152. In Such cases, the control program is loaded down from 
the Supplemental storage 152 to the personal computer 150, 
and the CPU 156 executes the program. 

According to the first to fifth embodiments as described 
above, a thin and Small rod lens array is realized. Further, by 
using the rod lens array capable of Securing a traveling path 
of light, emitted from an illumination device, for illuminat 
ing an original, a compact and high-quality image read 
apparatus and image read System are realized. 
The present invention is not limited to the above embodi 

ments and various changes and modifications can be made 
within the Spirit and Scope of the present invention. There 
fore to apprise the public of the Scope of the present 
invention, the following claims are made. 
What is claimed is: 
1. A rod lens array, used in an image read apparatus 

having an illumination device for illuminating an original 
image and a linear image Sensor for converting light from 
the original image into image Signals and outputting the 
image Signals, for forming the light on Said linear image 
Sensor, comprising: 

a plurality of rod lenses, and 
first and Second Side plates for fixing positions of Said rod 

lenses by Sandwiching the rod lenses on both Sides, 
wherein thickness of Said first Side plate is thinner than 

thickness of Said Second Side plate with the illumination 
device being placed on the Side of Said first Side plate. 

2. The rod lens array according to claim 1, wherein a 
diameter pmml of each of Said rod lenses and the thickness 
timm of Said first Side plate are determined So as to Satisfy 
(p/2+ts 0.5 mm. 

3. The rod lens array according to claim 1, wherein Said 
rod lenses and Said first and Second Side plates are fixed with 
CS. 

4. A rod lens array, used in an image read apparatus 
having an illumination device for illuminating an original 
image and a linear image Sensor for converting light from 
the original image into image Signals and outputting the 
image Signals, for forming the light on Said linear image 
Sensor, comprising: 

a plurality of rod lenses, and 
a side plate for fixing positions of Said rod lenses, 
wherein Said rod, lenses, arranged in an array, are fixed on 

only one side of Said Side plate and Said illumination 
device is placed on the opposite side of Said Side plate 
with respect to Said plurality of rod lenses. 

5. The rod lens array according to claim 4, wherein Said 
rod lenses and Said Side plate are fixed with resin. 

6. An image read apparatus, comprising: 
an illumination device for illuminating an original image; 
a linear image Sensor for converting light from the origi 

nal image into image Signals and outputting the image 
Signals, and 

a rod lens array configured with a plurality of rod lenses, 
Sandwiched by first and Second Side plates for forming 
the light on Said linear image Sensor, wherein thickness 
of Said first Side plate is thinner than thickness on Said 
Second Side plate with Said illumination device being 
placed on the Side of Said first Side plate. 

7. The image read apparatus according to claim 6, wherein 
a diameter (p mm of each of Said rod lenses and the 
thickness t mm of Said first Side plate are determined so as 
to satisfy (p/2+ts 0.5 mm. 

8. The image read apparatus according to claim 6, wherein 
Said rod lenses and Said first and Second Side plates are fixed 
with resin. 
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9. An image read apparatus, comprising: 
an illumination device for illuminating an original image; 
a linear image Sensor for converting light from the origi 

nal image into image Signals and outputting the image 
Signals, and 

a rod lens array configured with a plurality of rod lenses, 
Supported by a side plate from one Side, for forming the 
light on Said linear image Sensor, 

wherein Said illumination device is placed on the opposite 
Side of Said Side plate with respect to Said plurality of 
rod lenses. 

10. The image read apparatus according to claim 9, 
wherein Said rod lenses and Said Side plate are fixed with 
resin. 

11. An image read apparatus comprising: 
a transparent member which determines a reading posi 

tion on an original image; 
an illumination device for illuminating the original image; 
a linear image Sensor for converting light from the origi 

nal image into image Signals and outputting the image 
Signals, and 

a rod lens array configured with a plurality of rod lenses, 
Sandwiched by Side plates, for forming the light on Said 
linear image Sensor, 

wherein, when a shortest distance between an edge of Said 
rod lens array and the original image is L0 mm), then 
a diameter (p mm of each of Said rod lenses, thickness 
t mm of Said Side plates, an index of refraction n of 
Said transparent member, thickness d mm of Said 
transparent plate, and an incident angle 0 of light 
emitted by Said illumination device on said transparent 
member are determined So as to Satisfy (p/2+tsdxtan 
(arc sin((sin 0)/n))+(L0-d)xtan 0-0.2 mm). 

12. The image read apparatus according to claim 11, 
wherein (p/2+ts 0.5 mm holds. 

13. The image read apparatus according to claim 11, 
wherein Said rod lenses and Said Side plates are fixed with 
resin. 

14. An image read System comprising: 
a reading unit having: 

an illumination device for illuminating an original 
image, 

a linear image Sensor for converting light from the 
original image into image Signals and outputting the 
image Signals, and 

a rod lens array configured with a plurality of rod 
lenses, Sandwiched, parallel to the light path, by first 
and Second Side plates for forming the light on Said 
linear image Sensor wherein thickness of Said first 
Side plate is thinner than thickness of Said Second 
Side plate with Said illumination device being placed 
on the Side of Said first Side plate, and 

Signal processing means for applying predetermined pro 
ceSSes on the image Signals outputted from Said linear 
image Sensor. 

15. The image read System according to claim 14, further 
comprising control means for controlling Said reading unit 
and Said Signal processing means. 

16. The image read System according to claim 14, wherein 
a diameter (p mm of each of Said rod lenses and the 
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thickness t mm of Said first Side plate are determined so as 
to satisfy (p/2+ts 0.5 mm. 

17. The image read System according to claim 14, wherein 
Said rod lenses and Said first and Second Side plates are fixed 
with resin. 

18. An image read System comprising: 
a reading unit having: 

an illumination device for illuminating an original 
image, 

a linear image Sensor for converting light from the 
original image into image Signals and outputting the 
image Signals, and 

a rod lens array configured with a plurality of rod 
lenses, Supported by a side plate from one side, for 
forming the light on Said linear image Sensor, and 

Signal processing means for applying predetermined pro 
ceSSes on the image Signals outputted from Said linear 
image Sensor, 

wherein Said illumination device is placed on the opposite 
Side of Said Side plate with respect to Said plurality of 
rod lenses. 

19. The image read system according to claim 18, further 
comprising control means for controlling Said reading unit 
and Said Signal processing means. 

20. The image read System according to claim 18, wherein 
Said rod lenses and Said Side plate are fixed with resin. 

21. An image read System comprising: 
a reading unit having: 

a transparent member which determines a reading 
position on an original image; 

an illumination device for illuminating the original 
image, 

a linear image Sensor for converting light from the 
original image into image Signals and outputting the 
image Signals, and 

a rod lens array configured with a plurality of rod 
lenses, Sandwiched by Side plates, for forming the 
light on Said linear image Sensor, and 

Signal processing means for applying predetermined pro 
ceSSes on the image Signals outputted from Said linear 
image Sensor, 

wherein, when a shortest distance between an edge of Said 
rod lens array and the original image is L0 mm), then 
a diameter (p mm of each of Said rod lenses, thickness 
t mm of Said Side plates, an index of refraction n of 
Said transparent member, thickness d of Said transpar 
ent plate, and an incident angle 0 of light emitted by 
Said illumination device on Said transparent member 
are determined so as to Satisfy (p/2+tsdxtan(arc Sin 
((sin 0)/n))+(L0-d)xtan 0-0.2 mm). 

22. The image read System according to claim 21, further 
comprising control means for controlling Said reading unit 
and Said Signal processing means. 

23. The image read System according to claim 21, wherein 
(p/2+ts 0.5 mm holds. 

24. The image read System according to claim 21, wherein 
Said rod lenses and Said Side plates are fixed with resin. 
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